cant research has examined health-related quality of life (HRQoL) in family members of patients with severe brain injury, even less has been done in Scandinavian countries, and none has examined this construct longitudinally. The current study therefore used multilevel modelling to investigate the trajectories of HRQoL in 94 Danish family members of patients with severe brain injury at five time points, beginning at the patient's stay in a neuro intensive care unit through one year after injury. The family members' HRQoL scores significantly and strongly increased over time, and Role Limitations -Emotional scores were higher when patients had high Rancho Los Amigos Scale scores at admission to early intensive rehabilitation in hospital. These results suggest that the acute and sub-acute periods after brain injury are an extremely difficult time psychologically for many families, and family-based mental health interventions during the acute and sub-acute phases are critical, especially for families who have a patient with severe deficits.
members of patients with severe brain injury, both of which reported on cross-sectional sub-samples from the current longitudinal sample. The more recent study explored this construct while patients were in a neuro intensive care unit (Norup, Welling, Qvist, Siert & Mortensen, 2012) , and the other upon patients' admission to early intensive rehabilitation in hospital (Norup, Siert & Mortensen, 2010) . Both studies identified low HRQoL in family members, as well as high anxiety and depression, and these variables were associated with patients' level of consciousness and functioning.
One other research study on families affected by brain injury in Denmark found that in comparison to families affected by diabetes, brain injury families reported more parental stress and family dysfunction, and spouses of the person with brain injury reported more depression and lower marital satisfaction than the diabetes group (Kieffer-Kristensen & Teasdale, 2011) . This finding suggests a very robust effect on family members of brain injury survivors in Denmark, even greater than that for diabetes.
Because of the paucity of research examining relatives' HRQoL, and the lack of research examining this construct longitudinally or in Denmark, the current study used multilevel modelling to investigate the trajectories of Danish family members' HRQoL beginning at the patient's stay in a neuro intensive care unit through one year after injury. Specifically, this study investigates whether relatives' HRQoL changes over time and whether these trajectories vary as a function of brain injury severity.
Method

Participants
Relatives were included when patients were admitted for intensive neurorehabilitation in hospital and consented to participate in the study. This consent was documented by a neuropsychologist at admission to the unit. The family decided which relative should participate if more relatives were present at the time of enrolment. About half of the total sample was included in the acute setting (T1). The sample included in the acute setting has been described thoroughly elsewhere (Norup et al., 2012) .
Ninety-four family members of patients with severe brain injury in Denmark were recruited to participate in this study. Relatives were included if they were a child (≥18 years old), parent, spouse/cohabitant, sibling or boy-/girlfriend (not cohabitant). Family-member participants were excluded who did not speak Danish or who had a psychiatric diagnosis or a progressive brain disease (e.g. dementia). Most were females (74.5%), and the majority of relatives were cohabiting with the individuals with brain injury at the time of injury (59.6%). Most relatives were parents (42.6%) or spouses (34.0%), and the remaining were children (13.8%), siblings (3.2%), aunts (2.1%), or non-married romantic partners (4.3%). Most relatives were working full time at the time of injury (81.9%). Family members had a mean age of 48.80 (SD = 12.80).
All patients had severe brain injury and had been admitted to intensive neurorehabilitation. All patients with TBI or non-traumatic brain injury (NTBI) must have had a GCS score between 3-9 (if adults or under age 5) or between 3-11 (if between age 5-15). Or, patients with a GCS above 9 were included who had severe focal neurological deficits such as aphasia, hemi paresis, or agitation. Patients had all completed neurosurgery (if applicable) and were respiratory stable.
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Procedure Family members completed the primary outcome measure the SF-36 at four or five different assessment points depending on time of enrolment: while the person with brain injury was (a) in the neuro intensive care unit (T1), (b) at admission to early intensive rehabilitation (T2), (c) at discharge from rehabilitation (T3), (d) at 3 months post-discharge (T4), and (e) at one year post-injury (T5).
The majority of the patients were male (70.2%), and most had sustained a TBI (72.3%), while the others had sustained a NTBI. The NTBIs were caused by cardiac arrest (4.3%), spontaneous intracranial hemorrhage (4.3%), subarachnoid hemorrhage (6.4%), infarction (9.6%), tumour (2.1%), or meningitis (1.1%). The patients had a mean age of 38.31 (SD = 20.17). 
Measures
Short Form-36 (SF-36). The SF-36 (Stewart & Ware, 1992 ) is a 36-item, widely used self-report measure of health-related quality of life (HRQoL). The SF-36 has been used both in individuals with TBI (Guilfoyle et al., 2010) and in TBI caregivers (Arango-Lasprilla et al., 2011; McPherson et al., 2000) . For the purpose of this study, only four subscales were used that focus on relatives' psychosocial functioning: Role Limitations -Emotional (performance of role as affected by emotional factors), Social Functioning, Mental Health and Vitality. Scores on each subscale range from 0-100, with higher scores indicating better HRQoL. Family members' scores were evaluated in terms of gender according to the Danish norms (Bjorner et al., 1997) .
Glasgow Coma Scale (GCS).
The GCS measures the degree of consciousness in individuals with brain injury (Teasdale & Jennett, 1974) , and the assessment is made by a trained physician. This assessment focuses on a number of factors including eye movement, verbal comprehension, and motor ability, which together provide a total score of responsiveness. Scores on this measure range from 3 (not conscious, indicative of severe brain injury) to 15 (full consciousness). In this study, GCS scores were assessed at admission to early intensive rehabilitation.
Rancho Los Amigos Scale (RLAS).
The RLAS (Rancho Los Amigos National Rehabilitation Center, 2012) measures the degree of cognition (e.g., thinking and memory skills) as an individual awakes from a coma, and the assessment is made by a trained neuropsychologist. Scores on this measure range from 1 (unresponsive) to 8 (cognitive functioning that is automatic and appropriate). RLAS scores were assessed at admission to early intensive rehabilitation.
Functional Independence Measure (FIM).
The FIM (Granger & Hamilton, 1990 ) is a widely used method of assessing activities of daily living among individuals with a disability. The FIM consists of 18, 7-point items and has six subscales: Self Care, Sphincter Control, Transfer Capability, Locomotion, Communication, and Social Cognition. In the current study, only the total score was used. FIM scores were assessed by a trained physio-or occupational therapist at admission to early intensive rehabilitation.
Data analyses
Descriptive statistics were used to present demographics: results are presented as percentages and as means with standard deviations. One sample t-tests were used to compare the sample and the reference population. Multilevel models were analysed to examine longitudinal changes in relatives' scores on the four psychosocial subscales of the SF-36 over the five data collection points. Additionally, these trajectories were examined to determine if they varied as a function of patients' GCS, RLAS, or FIM scores at admission to early intensive rehabilitation. A benefit of using MLM is the way in which missing data is handled. These MLM analyses used full information maximum likelihood (FIML) to estimate missing data in each model. This is a common rationale for performing MLM, as traditional repeated measures analyses of variance procedures eliminate participants with missing data at any time point. In these MLMs, time was treated as a continuous variable and was used to calculate a total slope for each dependent variable across time points. Because these analyses were conducted with a priori hypotheses, their results are presented without corrections for Type-I error. The statistical software used were SPSS version 19.0.
Results
Means on each scale at each time point was calculated, and the scores of the sample were significantly impaired compared to reference population (Bjorner et al., 1997) at all time points. The mean scores of the four scales are given in Table 2 .
On all four scales administered the sample improved during the study period. Time points T1-T5 refers to: T1; in the neuro intensive care unit, T2: at admission to early intensive rehabilitation, T3: at discharge from rehabilitation, T4: 3 months post-discharge, T5: 1 year post-injury. RE = Role Emotional, SF = Social Function VT = Vitality, MH = Mental Health *p < 0.05, **p < 0.01, ***p < 0.001 indicating level of significance compared to Danish reference population.
FIGURE 1
Caregiver health related quality of life scores over time. 
Discussion
The purpose of this study was to investigate whether family members' HRQoL changed during the first year after brain injury and whether these trajectories varied as a function of injury severity. The results showed that HRQoL improved significantly in family members during the first year after injury. Moreover, family members of patients with higher RLAS scores at admission to early intensive rehabilitation showed significantly higher in Role Limitations -Emotional scores.
No other longitudinal studies have investigated HRQoL in family members of individuals with severe brain injury. However, cross-sectional data have revealed the draining impact of brain injury on relatives' HRQoL in the early as well as chronic phases of brain injury (Norup et al., 2010; Norup et al., 2012; McPherson et al., 2000; Arango-Lasprilla, 2011) . McPherson et al. (2000) used the Short Form-36 (SF-36) to estimate HRQoL in a sample of 70 family caregivers 15-18 months after injury. Caregivers reported a non-significant trend toward lower HRQoL compared to a reference population on the following subscales: Role LimitationsPhysical, Social Functioning, Role Limitations-Emotional and Mental Health. Arango-Lasprilla and colleagues (2011) also compared SF-36 scores between a healthy control group and TBI caregivers who had been providing care for at least three months, although the time after injury varied. Caregivers had significantly lower scores on the Role-Emotional, Vitality, Social Functioning, Mental Health, Bodily Pain and General Health subscales compared to the control group who were matched on age, gender, marital status and education.
As mentioned in the Introduction, Norup and colleagues have published two cross-sectional studies (Norup et al., 2010; Norup et al., 2012) reporting significantly impaired HRQoL in a cross-sectional sub-sample of the present sample. The studies were conducted in the early phases of rehabilitation: in the neuro intensive care unit and at admission to early intensive rehabilitation. The Danish samples reported lower means than what was reported by McPherson et al. (2000) and Arango-Lasprilla et al. (2011) , indicating lower HRQoL in the Danish samples. An important difference, however, is that the Danish results of the cross-sectional investigations as well as the current longitudinal study all took place within the first year after injury, whereas McPherson's and Arango-Lasprilla's studies employed a longer time interval since injury. Whether the reported differences are due to the different time intervals since injury or differences between the study populations is difficult to disentangle. Moreover, comparing the results of these studies is complicated by large differences between health care systems across the continents. In Denmark, the public health care system provides all patients with an opportunity for rehabilitation in hospitals based on individual needs regardless of their health insurance. Consequently, all patients receive early intensive rehabilitation in hospitals, and families do not struggle with insurance companies, public authorities, etc. in order to obtain care and rehabilitation for their family member with brain injury. In other countries such as the United States or many Latin American countries, the amount and duration of rehabilitation after brain injury is a reflection of the family's personal health insurance, and rehabilitation is to a lesser extent grounded in the specific rehabilitation needs of the patient. Because all Danish patients with severe TBI are provided with rehabilitation during the first months after injury, no families are forced to provide early neurorehabilitation care at home or to place their loved one in a nursing home due to a lack of other opportunities. Therefore, Danish families are not faced with the same responsibilities soon after a brain injury as are families in other countries involving physical care and assistance with activities of daily living. This might suggest that strain on family members in Denmark is lower or less complex than in other countries, which consequently could indicate better HRQoL. However, as no other studies have investigated HRQoL in the early phases of rehabilitation, this conclusion remains speculative.
Furthermore, the emotional distress caused by the consequences of brain injury such as family role change, increased isolation and personality changes in the individual with brain injury is assumed to be equal across countries, as high frequencies of anxiety and depression have been reported for Danish populations (Norup et al., 2010 (Norup et al., , 2011 (Norup et al., , 2012 . Thus, despite the differences between health care systems in different countries, Danish families faced with brain injury do experience emotional distress and impaired HRQoL. Even though this study reported a significant improvement in HRQoL during the first year after injury, the mean scores of the sample one year after injury were still significantly lower compared to the Danish norms (Bjorner et al., 1997) . Despite the comprehensive public health care system in Denmark, relatives of patients with severe brain injury do report significantly impaired HRQoL during the first year after injury.
The study also found that for brain injury patients with higher RLAS scores at admission (higher levels of cognition), family members had higher Role-Emotional subscale scores over time. Previous cross-sectional studies have indicated similar associations with higher levels of functioning in patients being related to better mental health in family members (Norup et al., 2010; Pielmaier, Walder, Rebetez & Maercker, 2011) . However, previous results have been limited by the innate problems of cross-sectional studies, as these are not able to provide any information regarding changes over time or the direction of causality (Flanders, Lin, Pirkle & Caudill, 1992) . As the current study showed, family members of brain injury patients with low levels of cognitive functioning at hospital admission are likely to experience lower HRQoL over time, and their family members may therefore be heavily in need of mental health services.
Clinical Implications
It is vital that rehabilitation professionals be aware of the emotionally draining and long-lasting effects of brain injury on family members. These effects may be especially pronounced in family members of patients with a low level of consciousness in the early phases of rehabilitation. As such, families of patients with low consciousness might need more psychological support during early rehabilitation and over time because doing so may improve the trajectory of HRQoL especially in this at-risk group of families. Low HRQoL experienced by family members may have important long-term consequences for the family with respect to employment and overall quality of life. Early detection and necessary support may prevent continued impairment in HRQoL,
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although such an assertion needs to be supported by future research on interventions for family members of brain injury survivors.
It is important for health care professionals and organisations to develop and test structured support systems based on clinical experience and empirical data that can adequately meet the needs of families. This is important in both the early phases of rehabilitation as well as later in rehabilitation because as this study shows, the effects of brain injury on family members continue for a long time post-injury. Support systems for families can include professionals working in the same rehabilitation setting or links to other organisations specialising in this support, whether public or voluntary. Effective strategies linking multiple services in the different phases of rehabilitation may decrease family members' strain and distress and improve the quality of informal care that they are able to provide after the patient's hospital discharge. As a result, a comprehensive family-focused approach in brain injury rehabilitation may be more effective for both the patient and family.
Study Limitations
Despite the current study's contributions to the scientific literature, it has several limitations worth noting. The single-centre design of this study and the fact that patients received comprehensive rehabilitation both warrant caution when generalising the results to other centres and other countries, especially those without government health care. The intensive rehabilitation services that patients received in this study might have improved family members' HRQoL, as rehabilitation services in other centres or countries may not be as comprehensive. However, this study found that the Danish HRQoL means were actually lower than the ones reported in the previous Mexican and New Zealand samples, although the time of assessment after injury was different. Unfortunately, the current study did not investigate whether the increases in family member's HRQoL continued to a level comparable to the reference population or whether the reported increase stabilises after several years. This would likely be a fruitful area for future research.
Secondly, the heterogeneity of the sample may limit generalisability as well. The family members of both NTBI and TBI patients were included, and one could argue that family members of patients with different etiologies face dissimilar situations that influence their HRQoL. However, this limitation can be tempered by the fact that in the current study, injury etiology was not associated with any HRQoL measure at any of the five time points. A third issue that might limit generalisability is the manner in which family members were selected to participate: when more than one relative was present at the time of enrolment, family members themselves decided who would participate. In many cases, one of several eligible relatives volunteered, and this choice may have resulted in bias, perhaps including the most resilient or extroverted relative. A fourth possible limitation is that it was not possible to collect family member baseline HRQoL scores before brain injury. Family members may have had low HRQoL before their loved one acquired a brain injury, but this would be up to speculation.
Fifthly, no control group was included in the study, and consequently how HRQoL evolves over time in healthy controls is unknown. However, previous research has supported the stability of SF-36 in a healthy population (Obidoa, Reisine & Cherniack, 2010) indicating that the increase reported in our study is not due to test-retest effects.
Sixthly, we only applied four of the eight subscales of the SF-36. Because family members were enroled at a very vulnerable and distressed time, we chose to limit the burden on participants of having to fill out additional scales. The same patterns found in this study may or may not emerge with the physical health subscales of the SF-36 or in other measures of mental health. A final limitation is that although data were collected at five time points, not all participants provided data at every time point. Attrition is often reported as a problem in TBI research (Corrigan et al., 2003) , so this limitation in the current study is not unique to the current sample. This presents an obvious limitation of the study, but we made efforts to limit the effects of attrition on our findings by using multilevel models, which -in contrast to repeated measures ANOVA -makes it possible to include participants who did not participate in all five assessments.
Future Research
The lack of research describing the early effects of brain injury on family members as well as investigations on effects of early intervention is obvious. Future studies should focus on the early phases of rehabilitation, as this is a critical timeframe for the essential triangle in rehabilitation: patients, family members and professionals. Rehabilitation is a partnership between these three groups of individuals, and the HRQoL of family members is an aspect that cannot be overlooked in future research. Studies should also determine whether the increase in HRQoL found in this study continues after the first year post-injury and whether it ever reaches a level comparable to reference populations. This article has commented on the comprehensive public health care system in Denmark, and despite this comprehensiveness, family members of patients with severe brain injury still experience major impairments in HRQoL. Future studies should examine whether family members in health care systems such as Denmark's, as well as in other nations' health care systems, feel that their and the patient's needs are being met, and if not, studies on this topic will be critical in the creation of family interventions to meet those needs.
